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(57) ABSTRACT 

This invention is a method of forming ribs of a plasma 
display panel by transfer-printing a glass paste on a glass 
substrate. The method comprises; forming a recess having a 
configuration corresponding to ribs arranged in parallel with 
each other and a joining element joining the ribs, filling the 
recess with the glass paste, and starting transfer-printing the 
glass paste on the glass substrate from a portion of the glass 
paste corresponding to the joining element rilled in the 
recess. The method ensures that the glass paste comes off 
substantially completely from within the recess as il is being 
transfer-printed on the glass substrate and that the ribs are 
formed with high precision. 

4 Claims, 3 Drawing Sheets 
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REAR PLATE UNIT OF PLASMA DISPLAY pletely from within the recess of the mold-sheet to transfer- 

PANEL HAVING BARRIER RIBS OF print the glass paste on the glass substrate in a predetermined 

REDUCING HEIGHTS shape 

BACKGROUND OF THE INVENTION < l?'?^?' ^j?* ,° f thLs invention » to P rovide a 

? method or forming ribs of a plasma display panel wherein a 

1. Field of the Invention glass paste comes off substantially completely from within 
This invention relates to the field of plasma display a recess as the glass paste is being transfer-printed onto a 

panels, in particular, to a method of forming ribs by transfer- glass SUDStrate » a ° d a rear plate unit of a plasma display 
printing a glass paste rilled in a recess of a mold which has P anel WQ0Se ribs are formed by the method, 
a configuration suitable for transfer-printing, and to a rear 10 To achieve the above object, this invention is character- 
plate unit of a plasma display panel formed by the method. ized by the following features. That is: 

2. Description of the Related Art This invention is a method of forming ribs of a plasma 
There are some methods of forming ribs of the plasma display panel by transfer-printing a glass paste on a glass 

display panel, such as a screen printing method, a sandblast- 15 su °s!rate, comprising; providing a mold recess having a 

ing method and so on. configuration corresponding to ribs arranged in parallel with 

In the screen printing method, a material for ribs (a glass each other and * joining element joining the ribs; filling the 

paste) is made up by mixing of glass having a low melting T f^ S Wlth the glass pasle; and startm g transfer-printing the 

point, a metal oxide such as alumina, vehicles and so on. The glass paSte on the gIass SUDiitrate from a portion of the glass 

material for ribs is transfer-printed in a predetermined pat- 20 P 8 ^ corresponding to the joining element filled in the 

tern on a glass substrate by a screen printing and then is dried recess * 

up. The steps of printing and drying are repeated about 8 to According to the invention, in the mold recess having the 

15 times so that the pattern for ribs are piled up to about configuration corresponding to the ribs arranged in parallel 

150jum. The piled pattern is then heated to form the intended wilh eacn otDer and the joining element joining the ribs, the 

ribs. 25 transfer-printing operation of the glass paste onto the glass 

In the sandblasting method, the material for ribs described subs * rate is starled ^m the portion of the glass paste filled 

above is applied wholly on the glass substrate in such a 1° the recesses > corresponding to the joining element. That 

manner that the thickness of the material for ribs is about 1Sl ,h / joimng element DCC Pmes a starting point for the 

200;*m. Then a dry-film-photoresist is attached on the sur- transfer-printing. The ribs joined by the joining element are 

face of the material for ribs and is formed into a resist pattern 30 transfcr ;P nntcd following the joining element because the 

by exposure to light. Then, the portions of the material for torccS tor /ranster-printing the ribs are generated by the 

ribs not covered with the resist pattern are removed by tester-printing of the joining element. Thus the method of 

sandblasting. Then, the resist pattern is melt and removed formin S nbs of a P^ma display panel may achieve that the 

with caustic soda. The portions of the material for ribs glass pas,c comes off substantially completely from within 

covered with the resist pattern are then heated to form the 35 thc rcccss as lhc S Iass P^tc is being transfer-printed onto the 

intended ribs. glass substrate. 

The recess is preferably formed in a mold -sheet in such a 

SUMMARY OF THE INVENTION manner that the recess has a configuration having an oppo- 

The screen printing method costs less because it can use site c °n cav o-convex relation with the ribs and the joining 

the screen printing press. The screen printing method has 40 elemem - 

also an advantage of small loss of the material because the Th e recess may be formed in a flexible roller-intaglio in 

material is printed only in a pattern corresponding to the SUCD a manner that the recess has a configuration having an 

intended ribs. opposite concavo-convex relation with the ribs and the 

However, in conveniional screen printing method, the J oimn fi element, 

heights of the ribs tend to be uneven, and some ribs may The method of forming ribs of a plasma display panel 

collapse as the printing is repeated. In addition, the conven- preferably comprises: heating the transfer-printed glass 

tional screen printing method is difficult to cope with fine paste for hardening. 

pitches because there is a limitation to printing precision. This invention is also a rear plate unit of a plasma display 

On the other hand, the sandblasting method has an advan- 50 P ane * comprising: a glass substrate; ribs arranged in parallel 

tage in that it can form higher precision patterns than the with each other on the substrate; and a joining element 

conventional screen printing method. 1 arranged on the subslrate and joining the ribs. 

However, the sandblasting method does not make efficient According to the invention, as the joining element joins' 

use of the material for ribs, so that it can yield much waste. the ribs arranged in parallel with each other, the rear plate 
A method of forming ribs by transfer-printing a glass 55 unil °* a P lasma display panel may be easily formed by the 

paste filled in a recess of a mold on a glass paste has been method of forming the ribs by transfer-printing the glass 

suggested to solve the problems. For example, Japanese P aste fil ,ed m tne recess. 

Patent Laid-Open 8-273537 describes a method comprising: The joining element is preferably formed in a bank shape 

providing a mold-sheet having a recess by using an intaglio, and joins end portions of the ribs. In this case, as the end 
filling the recess of the mold-sheet with a glass paste, 60 portions of the ribs are joined by the joining element of the 

sticking the mold-sheet to a glass substrate, and removing bank shape, the forming of the joining element has little 

the mold-sheet from the glass substrate to transfer-print the restriction but much advantage. In addition, the joining 

glass paste on the surface of the glass substrate. According element has a height which is preferably lower than heights 

to the method, the ribs are formed with an increased effi- of the ribs and is gradually reduced in a direction away from 
ciency in using the material, without producing a waste, at 65 the end portions of the ribs. 

high speed and wilh high precision. The above method The joining element may be formed in a sheet shape and 

requires that the glass paste come off substantially com- joins lower portions of the ribs. In this case, as the lower 


07/10/2002, EAST Version: 1.03.0002 


US 6,373,190 Bl 

3 4 

portions of the ribs are joined by the joining element of the 2Qum, the thickness of each electrode is 5/4m and the pitch 

sheet-shaped, the joining element serves as a starting point of the electrodes is 350/zm. 

for the transfer-printing and operates to generate the forces Besides the embodiment in FIG. 1, the following varia- 

for transfer-printing the ribs following the joining element. tj 0 ns are suitable for better transfer-printing. That is, the 

In this case, the ribs have heights which are preferably 5 height of the bank-shaped joining element 5 shown in FIG. 

gradually reduced toward the end portions of the ribs. In l is gradually reduced in such a manner that its cross section 

addition, in this case, the joining element is preferably has a linearly sloped line, but could be.gr adu ally reduced in 

provided on an address electrode to form a dielectric layer. suc h a manner that its cross section has an arcuate shape. 

Then, as the dielectric layer is formed on the address Furthermore, the thickness of the end portion of the joining 

electrode by the sheet-shaped joining element, the step of 10 element 5 is substantially O/an in the case of FIG. 1, but 

only forming of the dielectric layer can be omitted. could be 20 to 40 /mi at the thinnest portion. 

BRIEF DESCRTPTION OF THE DRAWINGS ^ snows a rccess of a mold for being filled with a 

glass paste to form the ribs 4 in FIG. 1. In FIG. 2, numeral 

FIG. 1 is a perspective view of a first embodiment of the 21 designates recess portions for the ribs and numeral 22 

rear plate unit of a plasma display panel according to the 15 designates a recess portion for the joining element. The 

invention; shape of the recess portions 2 1 for the ribs corresponds to the 

FIG. 2 is a perspective view of a recess for filling a glass shape of the ribs 4 in the opposite concavo-convex or 

paste therein to form the ribs in FIG. 1; complementary relation. That is, the vacant spaces of the 

FIG. 3 is a perspective view of a second embodiment of m recess portions 21 correspond to the solid portions of the ribs 

the rear plate unit of a plasma display panel according to the 4 and the sohd P orl ">ns beside the recess portions 21 

invention- correspond to the vacant spaces beside the ribs 4. Similarly, 

FIG. 4 is a perspective view of a recess for filling a glass lhe sha P e of the P °*° n K M **}?™^ e J ement 

paste therein to form the ribs in FIG. 3; corresponds to the shape of the bank-shaped joming element 

r 5 in an opposite concavo-convex or complementary relation 

FIG. 5 is a schematic side v lC w of an apparatus for 25 ^ is> the vacant spaces of ^ recess portion 22 

manufacturing a mold-sheet; sponds t0 the portion of the j oining dement 5 and the 

FIG. 6 is a schematic side view of the ribs and the joining solid portion defining the recess portion 22 corresponds to 

element in FIG. 1 in the first stage of transfer-printing; and the vacant space adjacent the joining element 5. 

FIG. 7 is a schematic side view of the ribs and the joining Another joining element 5 could be provided to join the 

element in FIG. 3 in the first stage of transfer-printing. opposite end portions (not shown) of the ribs 4, which are 

the ending side of the transfer-printing. 

BEST MODE FOR CARRYING OUT THE A t . fa ... t ... . F 

INVENTION Another embodiment will be explained. FIG. 3 shows a 

second embodiment of the rear plate unit of a plasma display 

Embodiments of the invention will now be described in 35 panel according to the invention. In FIG. 3, a numeral 31 

more detail with reference to FIGS. 1 to 7. FIG. 1 shows a designates a glass substrate, 32 terminals of address 

first embodiment of the rear plate unit of a plasma display electrodes, 34 ribs and 35 a sheet-shaped joining element, 

panel according to the invention. In FIG. 1, a numeral 1 The sheet-shaped joining element 35 also serves as a dielec- 

designates a glass substrate, 2 terminals of address • trie layer. The glass substrate 31 and the address electrodes 

electrodes, 3 a dielectric layer, 4 ribs and 5 a bank-shaped 32 are formed before the ribs 34 and the joining element 35 

joining element. The glass substrate 1, the address electrodes are formed. The ribs 34 and the joining element 35 are 

and the dielectric layer 3 are formed before the ribs 4 and the formed at the same time, so that there is formed a dielectric 

joining element 5 are formed. The ribs 4 and the joining layer having the same function as the dielectric layer 3 in 

element 5 are formed at the same time (as will be described FIG. 1. 

laler )- 45 As shown in FIG. 3, the ribs 34 arranged in parallel with 
As shown in FIG. 1, the ribs 4 arranged in parallel with each other are joined at their lower portions by the sheet- 
each other are joined at their end portions by the joining shaped joining element 35, Each rib 34 has a sloped shape 
element 5. The joining element 5 has a bank shape, that is, in the end portion on the side of the terminals 32 of the 
it has a flat portion and an inclined portion extending in address electrodes. That is. the height of each rib 34 in the 
parallel with each other. The height of the joining element 5 50 end portion is gradually reduced toward the side of the 
in the portion thereof adjacent the ribs 4 is lower than the terminals 32 of the address electrodes. This makes transfer- 
heights of the ribs 4 and is gradually reduced in a direction printing from the portion of the joining element 35 on the 
away from the end portions of the ribs 4. This makes side of the terminals 32 of the address electrodes smooth and 
transfer-printing from the side of the joining element 5 stable. 

smooth and stable. ^ 55 jh c sheet-shaped joining element 35 does not cover the 

The dielectric layer 3 does not cover the terminals 2 of the terminals 32 of the address electrodes, but covers bodies of 

address electrodes, but covers bodies of the address elec- the address electrode connected to the terminals 32. Thus, 

trode connected to the terminals 2. Thus, the address elec- the address electrodes are concealed except for the terminals 

trodes are concealed except for the terminals 2 so that the 32 so that the bodies are not shown in FIG. 3. The ribs 34 

bodies are not shown in FIG. 1. The ribs 4 and the bank- 60 and the sheet-shaped joining element 35 are formed by 

shaped joining element 5 are formed by transfer-printing a transfer-printing a glass paste filled in a recess of a mold, on 

glass paste filled in a recess of a mold on the surface of the the surface of the glass substrate 31 on which the address 

dielectric layer 3. electrodes are formed. 

To give an example, in the case of FIG. 1, the height of To give an example, in the case of FIG. 3, the height of 

each rib 4 is I20,um, the pitch of the ribs 4 is 350jum and the 65 each rib 34 is 1 20um, the pitch of the ribs 34 is 350«m and 

height of the joining element 5 is SO/im. In addition, the the thickness of the sheet-shaped joining element 35, serving 

thickness of the dielectric layer 3 on the glass substrate is as a dielectric layer, is 20/un. In addition, the thickness of 
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each electrode on the glass substrate is 5/tm and the pitch of rotates further, so that the film substrate 55 is removed from 

the electrodes is 350/«n. the roller- intaglio 51 by the removing roller 58. At that time, 

FIG. 4 shows a recess of a mold for being filled with a the hardened resin 54 in the recesses 52 adheres to the film 

glass paste to form the ribs 34 in FIG. 3. In FIG. 4, a numeral substrate 55. Thus, the intended mold-sheet 61 is produced. 

41 designates recess portions for the ribs and a numeral 42 * The mold-sheet produced by the above steps is used as a 

designates a recess portion for a joining element. The shape mold. The recesses 62 of themold-sheet 61 are filled by a 

of the recess portions 41 for the ribs corresponds to the shape method such as a blade-coat method with a glass frit 

of the ribs 34 in an opposite concavo-convex or comple- comprising PbO and so on and /or a glass paste comprising 

menlary relation. That is, the vacant spaces of the recess heal resistant pigments dispersed in an organic vehicle The 

pomons 41 correspond to the solid portions of the ribs 34 w mold-sheet 61 is closely applied to the surface of the glass 

and the solid portions beside the recess portions 41 corre- substrate on the side of the recesses 62 before the filled glass 

spond to the vacant spaces beside the ribs 34. Similarly, the paste is dried up. The glass paste filled in the recesses 62 

shape of the recess portion 42 for the joining element sticks to the glass substrate due to the moisture of the vehicle 

corresponds to the shape of the sheet-shaped joining element solvent. Then the glass paste is transfer-printed on the glass 

35 in an opposite concavo-convex or complementary rela- 15 substrate when the mold-sheet 61 is removed from the glass 

tion. That is, the vacant spaces of the recess portion 42 substrate 

lT<t P ° R ^ i0 ^ ° f ^ j0i T> 8 eIemenl 3 / FIG 6 ^hematically shows a side view in section of the 
and the solid portion adjacent recess portion 42 corresponds ribs and |he joini m RG 1D ^ st afi V" f 
to the vacant space adjacent the joining element 35. tr^fpr nnnt n, Pir n u n V vV g 
-ru \u j re L c L , in transtcr -P nntm g- FIG.7 schematically shows a side view in 
Inen, a method of forming nbs of the rear plate unit ot a ~ u section of the ribs and the joining element in FIG 3 at the 
plasma display panel will be described below. The first first stage of transfer-printing. As shown in FIGS 6 and 7 
method of forming nbs comprises: (I) forming a mold-sheet removing of the mold-sheet 61 is started from a portion of 
with a recess having a configuration that has an opposite the glass paste corresponding to the joining element filled in 
concavo-convex or complementary relation with the ribs and the recesses. At that time, the joining element sticks to the 
the joining element; (2) filling the recess of the mold-sheet -* glass substrate due to the moisture more strongly than the 
with a glass paste; (3) closely applying the mold-sheet to the ribs do because the joining element is subjected to the 
glass substrate and removing the former from the latter to sticking by its overall surface. Therefore the joining ele- 
transfer-pnnt the glass paste onto the glass substrate; and (4) ment becomes a starting point for the transfer-printing All 
heating the transfer-printed glass paste for hardening. the ribs joined by the joining element are transfer-printed 
If the joining element for ribs is formed in a sheet-shaped following the joining element because the forces for 
and serves as a dielectric layer for the plasma display, the transfer-printing the ribs are generated by the transfer- 
ribs and the dielectric layer are heated for hardening at the printing of the joining element. 

same time. If electrodes on the glass substrate are not formed Next, another method of forming ribs will be described 
before the transfer-printing, the electrodes, the ribs and the The second method of forming ribs is a method of directly 
dielectric layer are heated for hardening at the same time. " transfer-printing the glass paste filled in the roller-intaelio 
These procedures are advantageous to simplify the step for onto the glass substrate without using the mold-sheet. The 
hardening. second method comprises: (1) forming a flexible roller- 
According to the method, the transfer-printing operation intaglio with a recess that has a configuration having an 
of the glass paste onto the glass substrate is started from the ^ opposite concavo-convex relation with the ribs and the 
portion of the glass paste filled in the recess, corresponding joining element; (2) filling the recess of the roller-intaglio 
to the joining element. That is, a mold-sheet is removed from with a glass paste while the roller- intaglio is rotated and 
the portion of the glass paste tilled in the recess, correspond- removing surplus glass paste by applying a squeegee to the 
ing to the joining element. surface of the roller-intaglio; (3) positioning and closely 
FIG. 5 shows an apparatus for manufacturing the mold- 45 a PPl vm S lne rotating roller-intaglio to a supplied glass 
sheet. In FIG. 5, a numeral 51 designates a roller-intaglio substrate; (4) removing the roller-intaglio from the glass 
with a configuration having the same concavo-convex rela- substrate to transfer-print the glass paste onto the glass 
tion with the ribs and the joining element and a numeral 52 subslrate; and (5) heating the glass substrate having the 
denotes recesses of the roller-intaglio 51, A numeral 53 transfer- printed glass paste for hardening in a heating fur- 
designates a glass paste applying unit, 54 an ionization so nace or thc like - 

radiation hardening resin, 55 a film substrate, 56 a pressing If the joining clement for ribs is formed in a sheet-shaped 

roller, 57 an ionization radiation unit and 58 a removing and serves ;is a dielectric layer for plasma display, the ribs 

roller. A numeral 61 designates a mold-sheet, 62 recesses of and the dielectric layer are heated for hardening at the same 

the mold-sheet 61 and 63 protrusions (hardening resin) on time. If electrodes on the glass substrate are not formed 

the mold-sheet 61. S5 before the transfer-printing, the electrodes, the ribs and the 

The ionization radiation hardening resin 54 is applied on dielectric layer are heated for hardening at the same time, 

the surface of the roller-intaglio 51 by the applying unit 53, These procedures are advantageous to simplify the step for 

so that the recesses 52 in the surface of the roller-intaglio 51 hardening. 

are filed with the resin 54. On the other hand, the film According to the method, the transfer-printing of the glass 

substrate 55 is introduced and closely pressed to the roller- 60 paste onto the glass subslrate is started from the portion of 

intaglio 51 by the pressing roller 56. At that time, the the glass paste corresponding to the joining element, filled in 

ionization radiation hardening resin 54 remains in the the recess in the roller-intaglio. 

recesses 52 of the roller-iniaglio 51. The roller-intaglio 51 ' Thus, the method of forming ribs of a plasma display 

rotates in the direction shown by an arrow in FIG. 5, so that panel according to the invention ensures that the glass paste 

the resin 54 in the recesses 52 is hardened when the resin 54 65 comes off substantially completely from within the recess 

passes below the ionization radiation unit 57 while the resin when being transfer-printed onto the glass substrate and that 

is closely applied to the film subslrate. The roller-intaglio 51 the ribs is formed with high precision 
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The method is also advantageous to simplify the steps for 
forming ribs. First, the number of steps decreases by one if 
the ribs and the dielectric layer are printed on the glass 
substrate at the same time. Second, the number of steps 
decreases by one if the ribs and the dielectric layer are s 
heated for hardening at the same time. Furthermore, the 
number of steps decreases by two if the electrodes, the ribs 
and the dielectric layer are heated for hardening at the same 
time. 

The rear plate unit of a plasma display panel according to 10 
the invention can be easily formed with high precision as the 
glass paste comes off substantially completely from the 
recesses when being transfer-printed. 

If the end portions of the ribs are joined by the joining 
element having a bank shape, the forming of the joining 15 
element has a little restriction but much advantage. 

If the lower portions of the ribs are joined by the joining 
element having a sheet-shaped, the joining element serves as 
a starting point for the transfer-printing and operates to ^ 
generate the forces for transfer-printing the ribs following 20 
the joining element. 

If the joining element serves as a dielectric layer formed 
on the address electrodes, the step of only forming of the 
dielectric layer can be omitted. ^ 

What is claimed is: 

1. A rear plate unit of a plasma display panel comprising: 
a glass substrate; 

ribs arranged in parallel with each other on the substrate; 
and 


.190 Bl 
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a joining element arranged on the substrate and joining 
the ribs; 

wherein the joining element is formed in a bank shape and 
joins ends portions of the ribs, and the joining element 
has a height that is lower than heights of the ribs and is 
gradually reduced in a direction away from the end 
portions of the ribs. 

2. A rear plate unit of a plasma display panel according to 
claim 1, wherein the ribs have heights that are gradually 
reduced toward the end portions of the ribs. 

3. A rear plate unit of a plasma display panel according to 
claim 1, wherein the joining element is provided on an 
address electrode to form a dielectric layer. 

4. A rear plate unit of a plasma display panel comprising: 
a glass substrate for the plasma display panel; 
electrodes arranged in parallel with each other on the 

glass substrate; 

a member formed on the substrate by integrating ribs 
arranged in parallel with each other, with a sheet- 
shaped dielectric layer ; and 

a joining element arranged on the substrate and joining 
the ribs; 

wherein the electrodes and the ribs are parallel to each 
other, the joining element is formed in a bank shape and 
joins end portions of the ribs, and the joining element 
has a height that is lower than heights of the ribs and is 
gradually reduced in a direction away from the end 
portions of the ribs. 

***** 
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